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Introduction: Notoginsenoside R1 (NGR1), one of the main effective components
of Panax notoginseng (PNS) [1]. PNS could improve the development of osteoblasts
[2,3]. These findings suggested that some effective components in PNS possess an
application potential in clinic to promote osteogenesis. Notoginsenoside R1 (NGR1)
is one of the main constituents of PNS. Unlike other pharmacologically active sa-
ponins in both PNS and other ginsengs, NGR1 existed only in PNS [4,5]. However,
hitherto, whether NGR1 can directly affect osteoblastogenesis remains to be
elucidated.
Materials and Methods: We hereby assessed the effects of NGR1 (Nanjing Jian-
cheng Company, China) on the osteoblastogenesis of a pre-osteoblast cell line
(MC3T3-E1 cell line, subclone 14, ATCC Cell Bank, Shanghai) in an in-vitro time-
course and dose-dependent study. We applied 5 mg/ml, 50 mg/ml, 100 mg/ml,
200 mg/ml, 1000 mg/ml NGR1 to evaluate the efficacy by assessing cell viability (in-
dicator for proliferation), alkaline phosphatase (ALP) activity (a marker for an
early osteoblastic differentiation), osteocalcin (a marker for a late osteoblastic
differentiation), calcium deposition (a marker for final mineralization) and the
expression of a series of osteoblastogenic genes (such as Collagen Ia, Runx2, ALP
and osteocalcin).
Results: The effect of NGR1 on cell proliferation exhibited a bell-shape dose-
dependent pattern. A significant increase in the cell numbers was detected un-
der the treatment of 50 mg/ml NGR1. Similar to its effect on cell proliferation,
NGR1 also exhibited a bell-shape dose-dependent pattern in modulating ALP ac-
tivity. NGR1 ranging from 5 mg/ml to 200 mg/ml could significantly enhance ALP
activity with a peak occurring at 50 mg/ml, while 1000 mg/ml NGR1 did show sig-
nificant modulating effect in comparison with control. However, NGR1 showed a
dose-dependent increasing pattern in promoting OCN expression, Cell matrix
mineralization and expression of OCN mRNA, 1000 mg/ml NGR1 showed a highest
efficiency. Furthermore, 1000 mg/ml NGR1 resulted in the highest mineralization
4.3 folds and 5.9 folds on the 21st and 28th day respectively compared with the
control group.
Conclusion: NGR1 exhibited a bell-shape dose pattern in promoting the prolifer-
ation and ALP activity of pre-osteoblasts. NGR1 could markedly increase the
expression of osteocalcin and mineralization in a dose-dependent pattern. In
conclusion, NGR1 could significantly promote the osteoblastogenesis of pre-os-
teoblasts, which suggested a promising application potential for bone
regeneration.
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Background: The incorporation of tendon graft into bone tunnel is one of the most
challenging clinical issues in anterior cruciate ligament (ACL) reconstruction. As a
biodegradable metal, magnesium (Mg) has appropriate mechanical strength and
shows osteoinductive effects, thus may be a promising alternative to currently
commercialized products used for fixation and improving graft healing quality.
We hypothesized that the use of Mg-based interference screws would promote
tendon graftebone junction healing when compared to commercial titanium (Ti)
screws.
Methods: This was a controlled laboratory study. A total of 96 rabbits were used
for ACL reconstruction surgery using Mg or Ti interference screws and suture for
fixation of long digital extensor tendon autograft in femoral and tibial tunnels,
respectively. Animals were sacrificed at 3, 6, 12 and 16 weeks postoperatively to
harvest femuretendon graftetibia complex (FTGTC) for histological analysis and
mechanical tests. High resolution peripheral quantitative computed tomography
(HR-pQCT) was applied to measure changes in peri-tunnel bone volume/density
and tunnel area at femoral side and the apparent volume of Mg screws during
the entire experimental period. Eight randomly selected animals from either the
Mg or Ti group were used for histological examination at each time point and
the remaining 32 FTGTC samples in both Mg and Ti groups assigned at week 12
and 16 underwent tensile tests.
Results and Discussion: Compared to the Ti group, more fibrous tissue was pre-
sent in the interface bridging tendon graft and bone tunnel surface in the Mg
group after surgery. The semi-quantitative scoring evaluation for graft healing
quality indicated that tendon graftebone junction healing may last over 12
weeks. The mineralization in fibrous tissue at graft enthesis was initiated earlier
in the Mg group (12 weeks vs. 16 weeks in Ti group). Importantly, the mineral-
ized fibrous tissue area was significantly increased after the use of Mg screws
at 16 weeks postoperatively (27.1  10.4 mm2/mm vs. 12.1  3.9 mm2/mm,
p < 0.05). Approximately 10% loss in the apparent volume was detected in
biodegradable Mg screws after 16 weeks. However, the degradation of Mg screws
did not induce significant changes in bone tunnel diameter during the entire
experimental period via CT imaging. The peri-tunnel bone volume decreased
over 25% in both Mg and Ti groups at week 16 after reconstruction. In tensile
testing, the failure mode was at the midsubstance close to the tibial tunnel’s
entrance while the maximal load to failure, stress, stiffness and energy of
FTGTC showed no significant differences between Mg and Ti groups at both 12
and 16 weeks after surgery.
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dation accelerates graft healing to bone tunnels after ACL reconstruction, implying
a potential alternative to current permanent Ti interference screw for clinical
applications.
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Introduction: Our recent R&D in medical biodegradable magnesium (Mg) for ortho-
paedic application may overcome above limitations of the rigid and permanent fix-
ation attributed to similar mechanical properties of Mg compared to the bone. Mg
also promotes bone formation and enhances fracture healing by stimulating more
callus formation reported in our previous studies. From our previous studies, frac-
ture fixation with Mg implants alone does not provide sufficient mechanical support
over the period of time required for fracture fixation. Therefore, we coated the Mg
implant with a thin layer of polymer film and combined it with the common fracture
repair locked plate which is made of titanium (Ti) together to develop a new kind of
locking plate for fracture fixation. In this new hybrid construct, Ti implants provide
enough mechanical strength while Mg screw provides initial stability at the fracture
line. Degradation of the Mg screw with healing over time can also promote the frac-
ture healing. Furthermore, the coating film can protect the Mg screw(s) from direct
metal-to-metal contact with Ti-plate, which would prevent the electrochemical
corrosion of Mg screw head and also reduce its degradation.
Methods: The Mg screw in this study was made of a high purity (4N, 99.99%) Mg sub-
strate. A thin layer of PLA coating film was also applied on the surface of the Mg
screw using dip coating method. In our in vivo study, New Zealand White Rabbits
are used as the sizable experimental animals. This study has got the animal oper-
ating license from Department of Health in Hong Kong Special Administrative Re-
gion and animal experimentation ethics approval from Animal Experimentation
Ethics Committee in The Chinese University of Hong Kong. An innovative “Z” shape
osteotomy was conducted at the right tibia shaft of the rabbit, which is more
closely to the clinical indications. A specifically designed dynamic compression
plate (DCP) made of titanium and common Ti screws were used to fix the fractured
bones. Mg screw with the coating was put in the middle part of the plate where
just through the fracture site. The control group used fixation method with Ti
screws only to fix the fractured bones. Radiography (including both X-ray and mi-
cro-CT), four-point bending mechanical test, histological and histomorphometric
analysis were used to evaluate the fracture healing of tibia.
Results: Radiography data showed that the fixation with Mg screw stimulated
significantly more callus formation than the fixation with all Ti screws. In the
3rd week, callus formation was firstly observed around the fracture sites. Fluores-
cence labeling data showed the mineral deposition rate in the Mg group was also
higher than that in the Ti group in the 4th and 5th weeks. The largest callus forma-
tion area differences were observed in the 6th week. However, radiography data
at the 12th week showed slight difference due to the remodeling effect. The me-
chanical test data in the 6th and 12th weeks both showed that fixation with Mg
screw had comparable ultimate strength and failure energy compared to fixation
with all Ti screws (n Z 10). Histological and histomorphometric results showed
that the degradation of Mg screw stimulated more callus formation and more
bone tissue around the fracture sites were generated.
Discussion: The mechanical test data indicated that the replacement of Mg screw
would not affect the stability of fixation. Mg screw with Ti implants provides
enough mechanical support at the early-stage of fracture healing and continue
to provide Mg ions to promote the fracture healing. This composite fracture heal-
ing system stimulated more callus formation than using current Ti implants from
the radiography data and histological data. So the Mg screws with Ti implants
together provides both enough support and healing promotion effect, which can
be further developed and widely used in future clinical applications.
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Introduction: Anti-infection and osseointegration properties are both very
important for the ideal orthopedic implants. Implants with excellent osseointe-
gration property could bond with bone tissue fast and tightly [1]. However,
implant-associated infection is one of serious complications in orthopedic sur-
gery, which can affect the osseointegration of implants and lead to implant fail-
ures. Hydroxypropyltrimethyl ammonium chloride chitosan (HACC) possess
favourable anti-bacterial property and better biological performance [2]. In
this study, a kind of novel multilayers contained with collagen I, hyaluronic
acid and HACC were constructed on titanium coating by layer-by-layer covalent
immobilization.
Subjects and Methods: HACC-based multilayers modified titanium coatings were
prepared by layer-by-layer covalent-immobilization method. The obtained ma-
terials were characterized by XPS and AFM. The stability of multilayers was
also investigated. The antibacterial properties were studied by spread plate
method, SEM and Live/Dead bacteria viability kits. The biological performances
were researched with human mesenchymal stem cells (hMSCs).
Results: The results of XPS and AFM showed that the composite membrane with
three components has been constructed on titanium coating. In triseHCl solu-
tion, above 95% collagen I retained and there was almost no HACC in solution.
In collagenase /triseHCl solution, multilayers degraded and HACC could be
released into solution slowly. The results of anti-bacteria assay indicated that
multilayers-modified TC could inhibit colonization of bacteria and formation of
biofilm, including ATCC 25923, ATCC 43300 and MRSE 287. Under the action of
enzymes, HACC released into solution could work on the floating bacteria. In
biological performance assay, results demonstrated that the multilayers-modi-
fied TC could improve hMSCs adhesion, proliferation and differentiation.
Discussion and Conclusion: Layer-by-layer covalent-immobilization combines
layer-by-layer self-assembly and covalent immobilization. The multilayer mem-
brane could be constructed by Layer-by-layer method and covalent-immobilization
could give the membrane stable structure. On the other hand, the multilayer
membrane could degrade under the action of enzyme, and HACC in multilayer
membrane was released slowly, which can kill the floating bacteria. The results
of bacteria and cell experiments indicated that HACC-based multilayers modified
TCs possess excellent anti-bacteria properties and biological performances.
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Introduction: Ligament injuries of the knee are common in sports activities and
trauma. Ligament is an elastic tissue composed of highly oriented collagen,
elastin, and fibroblasts. Elastin is an extracellular matrix protein that provides tis-
sue elasticity. Its concentration is particularly high in elastic tissues such as vessels
and ligaments. Stronger connection in ligament-bone junction is important for lig-
ament reconstruction. Elastin is associated with ligament healing and ossification,
and improve strength of ligament-bone junction. We made artificial ligament using
absorbable suture coated with elastin, and examined the effect of elastin for arti-
ficial ligament-bone junction healing in rabbits.
Subjects and Methods: A total of 24 female 12-week-old Japanese white rabbits
were used. Insoluble elastin was extracted from porcine arteries. Soluble elastin
was prepared from the insoluble elastin by oxalic acid treatment. With animals un-
der general anesthesia, we created two bone tunnels (2.4 mm in diameter) on
bilateral tibia. Twelve rabbits were inserted artificial ligament made of three
fold 3-0 PDS coated with elastin in bone tunnels as elastin group. Another 12 rab-
bits were operated using artificial ligament without elastin coating as control
group. The animals were sacrificed by carbon dioxide inhalation at 6 weeks and
12 weeks after creation of bone tunnels. Half of them were performed biomechan-
ical test including measurement of breaking strength and elongation, and the
remaining half were assessed histologically by hematoxylin and eosin staining
and safranine-O staining at 6 weeks and 12 weeks after surgery. Statistical signif-
icance was determined using the Mann-Whitney U-test. A p-value < 0.05 was
considered significant.
